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A.H.Npasesnnkos, WH lss-KaH, C.C.Melsexes

Ilpn B3auMorLeicTBNM X‘ _KBaHTa C MOJEKYJOd MpOMCAOMMT BHOU~
BagMe DJEKTpOH& C OLHOH M3 ero Opdur W, CIELOBATENLHO, o0pasoBaHue
NOJIOXMTEJBHNTO MOHA:

R-CH,—R wv———>R-éH;R+e. )

; llpy paspsille MOHA TEnJOBHEM OJIEKTPOHOM OCpasybTCid CHJIBHO BO30yxAeH-
i Hie MOJEKyJH, pachajabimeci B LajpHeilmeM C oGpa3obanuen CBOCOLHHX

paAKaI0B? .

,RCH-R+H .

+ X / i

Q"‘CHZ‘"R*e —> R“CHZ"'Q “ . (2) ::“7
R~CHrR-

TaxuM 00padoM, TEPBMYHLM DE3YIbTATON JEUCTBMA MBJYUEHHS Ha NONMMED .

pcerja OyLer uiu paspuB cBasy C-C , ¥ OTPHE 0T LeEn ATOMA B

(uny Kakoro-am6o ILpyroro aroua), O0pasobaHie NONEPEYHHX CBA3EH

J0/IXKHO OHTBH NOSTOMY CBA3&HO ¢ TMPOTEKEHJEM BTOPMYHHX NPOLECCOB C

yyacTHeM pajukaJsioB, 00pa30BaBUMXCi NO peaKUluy (2). —
liccneIoBaine KYHETWKY npolecca CUMBAHKA I10Kasaso,YTo CKOPOCT: -

9TOT0 NpolLecca IOCTOAHHA BO BpeMeHu, I0 KpaliHel Mepe npu 00HYHO 5

ﬁ NpUMEHAGMHEX J03aX, M NpPONopLIOHAJbEA HHTEHCMBHOCTM H3NYyUCHHR B nep —

B Bo}i cTenenu. HapGoJee MPDOCTHM INDEANC/JOREHNEM O MEeXaHuaMe ClUMBAHUA E

E —

fRIAETCA NPEINOJNuXeHHE O TOM,YTO 00pa30BaHMe nonepeyHuX cpA3ell npm =
" 25 YEAR RE-REVIEW,




pallyoIM3e NpouCXoUMT B PE3YLAbTaTe DEKOMOUHSLMY CAMMEDHHX palLMKa-—
108, oGpasypuuyXcA npu paspuse cBAsel C-H noy sedcTsieM n3lyyenud,
4 Tax¥e B pe3yJiprare MPUCOCAMHEHUA NOJMMEDPHHX DAANKAJNOB K 4BOMNHHM
CDASAM NOJMMEPHHX Monexy)a (yxe HMENWUXCA B NOJHMEpe MiW o0pa 3y i~
WIXCA B XoAe 0OJyveHus). CKOpOCTb CUEBAKAA B BIOM Clyvae dyneT
OYeBMJIHO pasra

2
V= 'kill +K,n A

(N u A - KOHLEHTpauuy panukalnos ¥ IBOMHHX CBA3EH CooTbeTCT-
BEHHO). OTa CXeMa NpUBOLMT K OKCIEepuMEHTANbHO HACJIKLAEMHM COOTHO-
WeHMAM TOJBKO npr N, u A=const,
Haxonnewne B Xole OCJYYeHKWA B noJuMepe LBONHHX CBA3el yKa3H-
BaéT Ha TO,YTO CTalMoHapHOe COCTOAHME B LAHHOM CJNyyae He LOCTHUIaeT-
C4 EM OTHOCHTEJIBHO KOHLEHTpauuy XBOMHWX CBA3el, HN OTHOCUTENBEO
CBOOOUHEX paxmKanob (oLHOH 3 peaxuuit, npuBoJAIMX K 00pa30oBaHMb
CBOOOLHHX paIuKaloB, ABNAETCA peaKlus MexIy LBORHOM CBA3LY noJy~
MEPHO! MOJIEKY/H ¥ ATOMADHHEM BOZLOPOLOM ~— (H= CHerH—MMCH 0H~\~)
CrelcsaTelbHo, ecau OH DeaKuusd DeKoMOHHAUM pa,uy-
Kal0B ¥ NPUCOELMHEHNA PaAWKaloB K [IBOKHEM CBASAM MIpay CyleC TBEH~-
HyD pOJbp npy CWMBaHuM, TO JOJKHO CHJIO ON BaGJARIATLCHA 3HaAYNTENBHOE
BocpaCTanue CXODpOC Ty CUMBABMA BO BpeMeHy, IIOCTOAHCTBO CKOPOCTY BO
BDEMEH) yKa3NBaeT Ha HE3HAUMTEJNBHYH DONb BTHUX OMMOJEKYJADHHX pe- B
aKui, YTO, MO-BULUMOMY , CBABAHO C Kpaliie HMBKNMY CKODOCTAMM Lnd-
$ysuy TOJMMEDHHX MOJEKYJl B TBEDIOM NoJuMepe. =

Taxum obpa3oM, Cneuuduyeckol ocOCEHHOCTBD nponecca paiyanyoH-
HOro CumBaund ABJAEICA NOCTOAHCTBO CKOPOCTH CUMBAEMA NDM HENpE pHB-
HO VSMEHANWIXCA KOHLUEHTPAUMAX CBOOCOLHHX DALWKANOB ¥ IBOEHHX CBA-
3ei.

Ina moHmMaHuMA MeXaHM3Ma NPOLNECCOB, NPMBOLAIMX K 00PA30BAHYD
NonepeyHLX CBA3ed, HeoOXOAMMO DACCMOTDeTh MpOTeKanmue B oC:yvae-
MOM ITOJMMEpe pajlMKasibHHe peaKuuy, B YaCTHOCTHM, DEAKUUM C yuac TieM
aToMapHoTO BOLOpOAA,

AToMapHuli BOJOpPOL; 0Cpa3oBaBUMiCA B PEBYJIBTATE DA3DHBA CBI 3y —
C-H mosmsepHolt MosexyiH Iof LeifcTBueM u3nyyeHud, oCiajaer B Mep-
BHE MoMeHr Noszucuuoll sHepruel, JTOT aToM MOXET /M pacTepiTh
CBOK M3OLTOYHY BHEDIuO, MJY NpPOPearupoBaTh Mo OLHOA X3 HUKe Np-
BeIEHHHX peaxumit:
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I) B3auMoeiicTBE C ADYTUM aTOMOM BOLOPOLE
Iell — 1, (3)

2) BBauMogeicTBME C 00pa30BaBuUMMIC] B X0Le OCJYyYeHMA CBOGOL Hb-
My paluKaiamy

| , ¢~ CHCH—CH,~
\ > CHCH=CH @)
| O, —CH=CH e+,

3) B3avMOLeACTBYE C LBOMHHMM CBA3IMY

~CH~CH=CH~~ +} —>CH,—CH—CH_~ (5)

¥ 4) OTpHB aToMa BOLOPOLA OT MONMMEPHOM MONeKYJIH

~~CH,~CH,— Ol oH -~~~ CH~CH—CH,~ +H, . (&)

CkopocTy peaxumii ¢ yyacruem "ropsavero" aroma 80J0poJa CyLy T
ONpEeleNATECA HE CTONLKO BENMYMHAMY ODHEPIMH ARTMB&LMM STHUX DeakLui,
CKOJBKO BEPOATHOCTHY CTONKHOBEHMA aToMa BOLOPOLa C Toll MJM MBOX
TPynmupoOBKOA, nM, LPYTHUMA CJOBAMM, OTHOCHTENbLHHMM KOHLEHTpaLMAMH
9TMX IPynnupoBok, B xapCoUensux nosmuepax KOHLEHTDALUA Cpynn CH2
Ha ReCKOJIbKO MOPALKOB BHUE KOHUeHTpauui aroMoB H, CBOGOJHHX pamu-
KaJos uyiy LBOHHWX cBASeH, u, cieloBaTe}bHO, "TOpAYMi" aToMapHHE
BOA4Op04 CyXeT pearMpeBATh Npeukynec TBeHHO No peaxmuu (6) ¢ o0pa30-
BanyeM ITOIMMEDPHOTO paluKajna B HENOCeACTBEHHOK ONKM300TH OT MECTa
paspuEa CmazyM C-H . PexoMOuwmEamud Takux 0J143K0 DPACTIONOKEHHHX OIWH
OT APyTOI'0 MepBMYHOTO pamykKana i palLukala, 06pa3s0BaBiieroCs No pe-
askums (6. , NPUBOAMT K 0Cpa30BaHMD nonepevyrnX cBa3ed, CKOPOCTh
ClUpBalnA 0C 3TOMY MEXauM3MY, OYEBALHO, He 3aBHCHT OT TEMIIEPaTypH
y0pasna,

Peaxmuy ¢ yvacTieM aTOMAPHOTO BoJopoJa, "pacrepasuero" cBok
W3CHTOYHY D OHe[TUD, OYIYT NMOLYMHATHCA OCHYHHM 3axKoHOMepHOCTAM, T .€
_ UX ckopocT! CYIyT ONPeLeNATECH KaX KOHLEHTLalmIMy DENTeHTOB, 1a.: i
YenuMHary 9Hepryud axTuBaumu. CropocTH Iudgy:srw Tazns B IToJmMe 2

P 1LL4

CDaBHUTEJIHHO HEBJUKN M TNOBTOMY, NPYHUMAA BC BEAMAUKE, HTOQ Hovmian-
Tpaumit pannkanos u cealedl C=C B nonyMepax mpy 0CAyYEHHAX (YOUE
HA3KM, MOXHO OXMHATH,YTO B NOJAMEP&EL TUNA TMOJMSTHNENA ©T0i . ~X0Ji-

\

. Horo" BOLoOpOLa OYLYT pearupcBarh IZic BHEM 00pasoy no peaxium (6.
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Paukai, odpasoBasuuecs B pesynbrare peaxmmu (6), nporexavie#

C yvacTueM "X0JOJXHHX" aToMOo@ BOJODOLA, CMQOIYT peXoMOMHMPOBATHCH C

NepBMY HEMY paluKaauu (o0pa30BaBUMMUCA Ipn paspube CBaseit C-II

oL KEeMcTBHeM UBJIYUEHNA) TOJBKO B TOM CJyYya€, 6CAM OTDHB arToMa Bo—
Jopoia mno peakuuym (6) npou3olies Ha CPaBHUTENBHO HEGOJIBLWOM paccTo-

AHMY OT MecTa oOpasobanud aToua H. CKopocTb CuMBAHUA B OTOM CJy-

yae Oy.Jzer, OvYeBMIHO, BaBMCETh OT TeMNeparypw ofpa3ua, Tak Kax no-
BHUIEHW € TeMIiepaTypH JyLeT NpumBOLWTL, C OLKOM CTODOHH, K YBCAKYEHHD
BEPOATHOCTH nporeXanns peakuun (6) Ha HECOAbWMX PACCTOAHMAX OT MEC

T8 pa3pusa cBasu C~H , & ¢ LpYyros, BCJELCIBME YBEJUYEHMSA NOLBYXHO-

CTH NOJIMMEDHHX Uenel, K BOBJEYCHMI B peaxuud pekoMOUHAOUM paiuKa- !
708, 0ODa30BABUMXCA HA CPABHMTEIBHO COJNBUAX PACCTOAHMAX OT MecTa
pacnofioxeHuss nepBMUUYHOTO pajgukKana,

OTpHB aToMa BoLopoja oT HoiumepHod uems (peaxuma (6) conpaxeH
C IepeXoloM COOTBETCTBYDWErC yvyacTKa LeNy 0T Terpald3ApuyeCkod KoH=-
gurypauun k¥ IJIOCKOH#. B cayvyae noauMMepoB T0T ITepeXo) CBA3aH C INe-
peMelle HyeM YYacTKOB ITOJMMEPHHX lHemel, YTo LOJIXHO NPUBECTH K NMOBH-
WeHMD DHEPTMM aKTHBaluu peakuuii (IO CpPABHEHWID ¢ DHEPTUAMA AKTH-
Balyy A HAIOLWYEHX peaxuuil B CJyuae HU3KOMONEKY JADHHX COeJMHenuit),
OCcoGeHHO CyJIbHOE IIOBHEHJNE DHEpruyu axKTuBamuy, &a , CJAeLOBATENBHO,
i CE¥XeHye CKOpoC TH CHMUBauuA, ILOJEHO HAOJDIATEBECA NPY NEepexole K
3aCTEKS OBAHHOMY ITOJUMEDY .,

[ipuBeleHEtde HA pUC .1 JaHHHE NOKAa3HBaWT, YTO CKOPOCTV CUMBAHUA
NONMITUJICHE ¥ 10V BUHKJXIOpM & DY TeMreparypax Hike TeMneparypu =
CTEXJOBAaHNA 'I‘C (c00TBETCTBEHHO - 80°C u + 80°C)npa1«cmqeczm He 3a- .
BIICAT OT TeMII€paTyDH, T.e. YTO B OTOM Cjyyae "XoJoiHHe" aToMH BO-
L0poJa IIPAaKTHMUYECKM He YyyacTBYRT 3 DeaxLuAX, TPUBoIAUMX K odpasoBa-
HUR norepevHHX cBA3ed. Ilpn TemnepaTypax Buue T, CKOPOCTDH CUNMBAHMA
Bo3pacTaer ¢ Teuneparypoi (B peakuup CHMBaKMA BOBIEKADICA "XO0JOL-
HHE" aTOMH BOJOPOLA).

B 3acrexsioBaHHHX noJuMmepax "XoJoLHHE" aTOMH BOJLOpPOJa TakKxe
LOMXHH ydyacTBoBaTH B peakmuy (6), OLHAKO o0pa3ymbujecd IpyM BTOM
paInKkase #3-3a CTePUYEeCKUX NPEndTCTBUN HE MOIyT NPOPEKOMOMHMDPOBATE
C NePBYYHHM pAJMKaJIOM ¥ ocTapTCA B IoiuMepe B " 33MODOEEHHOM" CoC- z
TORHNN, BCIeLCTBME 9JTOr0 NpU BHIGDEMBAHYN 00Ny UEHHHX NDHU -~ 20%C o6~
pasuoB moJmeTmpona I.= 80°C>mm NOMABUHUAXNOPMIA B TeYeHUe Heko-
TOpPOT0 BPEUEHH NpH 90-100 aCnnLaeTCA LOMOIHMAT €IbHOE CUMBAHME
(ra6n. 1), llporpes moaucTHpoia Npu Colee BHCOKOM TeMIieparype
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(140-145°C)npuBosuT K CHUXERMO CTENEHN CUMBAHMS (mpuuy HI OTOTO
CHUXEHMA OYyLYT DPACCMOTPEHB HUXE).

Taoiuua ..

BiyAHue nporpesa Ha CTENEHb Smmaﬂwﬂ 06y YeHHLX
(T oon  25°()mommepos

XX)
lo3a up. Hocnegxywuan o0pa~ TlipnneyaHue
d 0oTKa EU /Q nnp /n’Snp

[ToJi BUHNJIXJIO DU K
(paccumTalo U3 LaHHHX O CTETNEHM HalyXaHud NJEHOK
B IMXJ0pOTaHE)

98 bes nporpesa 0,613 AOTIONHKTEIBHOE
98 Ilporpes 4 vaca cuuBaure
npu 90° 0,685 1,76
llonucrupou

(paccuyTano n3 JaHUHENX 0 CTENeHy HalyXarus
NJIEHOK B TOJY 0Je)

185 bes mporpesa 0,334 - LOTONHETE IBY0E
18> [Iporpes 4 vaca 0,365 1,26 ciupBarye
npu 959
204 bes nporpesa 0,353 CHukeHye cre-
204 llporpes 4 vaca 0,66L  TIeHy CcuyBaHuA
ipn 400 0,325
N 195 bes mporpesa 0,340 To xe
;\( [Tporpes £ vaca 0,400
npy 1459 0,283
225 £%X) OOpaseln pacTBODUM OCpasyercs

reJbp-Qparuus

x) Upcsi0 momepevyndx csasell (B YCNOBHHX eJMHMLAX) DACCYUNTH-
BAJOCh 3 JAHHHX o creneHy wadyxauus V -odpasna no ypaBHEHMD

,,P/n,g,, (Ugnp/vnp) , THe U —uHIEKCH P ¥ np ~C00T-
BeTCTBeHHo nporpeTHil ¥ HenporperHii oCpasel.
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XX) @O/Q - OTHoWeHMe MJMHH KCXOLHOTO o0paslua K LIMHE Ha-
Cyxwero oGJyyeHHOTO n0pasna. ~

xXX) Teuneparypa obayuemsa 130-135°(

OTpus aroMa BoJLOpola 0T GOKOBOM TPyNnupOBEY (Mernﬂbnon, n30-
NpomM IbHOX ¥ Up.) He CBABAW C NepeMeleHnen yUacTKoB MNOJNMMEPHHX I~
neil B nepeXoLHOM COCTOAHMM ¥ NODTOMY MMEET Ty Xe OHEPTUD axKTuBa-
iy YI0 M COOTBETCTBYONME pEAKUMM B CJyyae HU3KOMOJIEKYJIADHHX Coe-
AMHEHMIl, NpiYeM CTeKA0BaHMe NOJMMEPA He LONXHO OKAZHBATD BIMAHMS
Ha CKOpPOCTDH 9TOM peakuun. lodTOMYy MOKHO OEMAATH,YTO B nosmMepax,
ColepXamuX LOCTATOYHO COJBUOE YHUCAO TaRKX rpynmspoBOK, "XoJoLHHE"
aTOMH BOZOpOZa CYyZYyT NPUHMMATD YYacTue B peakLuAX CUYBAHMA ¥ HuXe
TeMIeParTypH CTeKJ0BaHud,

C nexbn mpoBEDPKM BTOTO NPEANMONOKEHUA HCCIEIVBAKO nelicTBue

J -H3IyveHnd Ha DOMMMEDH CIPOEHUA —C.JHG‘*(‘;H”“)VL s IOJIYYEeHHNE
PasIoXeHneM CMeCy IvasoMeTasa ¥ IMaz09TaHa B NDUCY TCTBAM B(OCH3)3
BHCOKME CKOPOCTH CHKBAHMA B5T0TO noJs¥Mepa B 3aCTEKJOBAHHGM COCTOA-
Hng I, = —80°C), B 2,5 pasa npeBHWapmie CKOPOCTH CUWBAHUA [10JH~
METHJI€Ha Npi 3TMX YCJOBUAX, ¥ NOCTOAHCTBO CKODOCTY CUMBAHNA B UH-
TepBaJsie reMneparyp or - 190 go + 35°(C YKXa3HBaWT HA T0,YTO B NMOJIM-
MEpax ororo Tuma He TOJBKO "ropAvie" ,HO M "XON0NHHE" aTOMH BOXO-
pola, TDAKTUYECKM TNOJHOCTHNO NEPEXBATHBAKTCA Ha 0Y€HDb GJY3KOM pac-
CTOAHMY 0T Mecra oOpal0BaH¥i IIePBHYHOTO paimKala. ‘

BogpacTanne CKoOpocTy CuMBAHMA B 2,7 pasa HalloIaeTcs ¥ mpu o
BBEACHM B NOMCTHPOJ B Napa-NoONOKEHYWE M3ONPOMMIbHEX TPYNNIPOBOK
(u3omponnnbHLe TPYTNN¥POBKN BBELEHH B NOMMCTHPON 00PAGOTKON MO~
uepa u3onpomnaxiopuion 5 npucyrcremn  ABCE. ) (radn.2).

TaGamija 2

Binsikne GOKOBHX TPYNMMPOBOK HA CKOPOCTH Cliyi BAHMA
(o]
nommepos (T oom, 25° )

| X XX

Josa Mp Toanuep Ua /D ) "Z-nc/nunnc)
200 TIONUC TH PO 0,345 2,74 =
200 }30nponuanposas-
HHl NIOJIMC THDOJT 0,422 e
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e
x) CM. npuMevarue ¥ Tadu, {.

XX) UYMCcIO monepevHHX chAsed (B JCJOBHHX eiuHMLax). JHIEKCH

NC 1 WILNC - cooTBETCTBEHHO IDJIMCTVPOJT W M3O0NPONNINDOBAHHHY
IT0JMC TH PO,

O BHCOKEX CKopocTax peaxumu (6) B ciyvae NoJMMEDPOB, COLEpKamUX
COKOBHE ™ VNITMPOBKA, CBULETENBCTBY ST TAKKE M TOT $aKT, YTO Iporpes
U30TI oMU JIMPOBAHHOTO NOJUCTUPONE, OCIYYEHHOTO B 3aCTEKJOBAHHOM COC-

ToAHKM, Npu TeMneparype shue T, HE NPUBOIMT K KONONHMTEABH OMY
curBamo (racn.3).

TaOmya 3

Binaine nporpesa Ha cTeneH:L cuyBanud 00IyYeHHOTO
o)
M 30NPONUINPOBARHOTO NOMMCTH poJa (‘]‘ogd, 25°C)

Jlosa Tocnexyomas B/g X) np
MD o6padoTKa 0 M sup
204 Les nporpesa 0,410 1,0
204 IIporpes 4 vaca 0,414

nprr 100°

X) (M. npmMevanne & Tadn, 1,

TIpy oGNyyeHuM CoONOAMMEPOB THIA (—CBHb-— C,’H“)n npn 35-100°
CHa

HaOTIONAeTCA DE3KOEe YMEHBUERNE CKOPOCTH ClLyBanui, CONPOBOELaDLLEEC
YBeIIYEHN €M CKODOCTH FAKOMIEHNA B ITOMMEEDE TpPaHC-BYHUIULEHOBHX
ABOMHEX cBased (OLEHEHO [0 MOT/IOMEHMD B 06iacTi 964 cm’i) (puc.2).
dror PPeKT no Bceil BEPOATHOCTH CBSBAH C NPOTEKaHneM Deakuyy nepe-
Aaui Lens, B pe3ynpTare KoTopoi pamuKaJN W30NpONMJILHOTO THIA npe-
BpalianIcid B paiuKajiH TPeT-GyTHILHOTO THNA:

WCHZ*CH“CHZM" +—W»CH2“60HH -'Cng -+wCH2~g*CH2m tam CHZ“ CHZ—CH,Q’W‘ 5

3 CH3
KOTOpHE, Kak u3sectHo (1) y [1pM B3aMMOLEUCTBUN JPYT C IDYyroM I/an-

HHM O0CpasoM AMCIIPOIOPUUOHNDY 0T ;

?H3 (EH?,
V‘“CHZ—@*CHZ"M ~~CH,—C =Gl
; — i
WCH2~¢_CHZ«M WCH;?H*CH{M
0, CH,
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YTO ¥ NPUBOAUT K CHUXEHNWID CKOPOCTY CUMBAHUA 1 K yBEIMUYEHUD CKOpPO-
CTN HaKoNJIeHWsa B LoJUMepe JBOHEX cBASeEH,

B snureparype uMenrcH JaHHHe g ) o TOM YTO Npy 00JAyYeHHM #30-
TAKTUYECKOTO ITOJMIpONKIEHa r. DPOMCXOLUT He cluBa-
HUEe, a LecTpyKLud I[OJMMePHHX Monexyn. O,zmazco 9TOT BWBOJ 10 BCeil
BEePOATHOCTY owmMboyeH, CHUXEHNE MOJICKYJIAPHOI'O Beca CBA3aHO, MO-BU-
LUMOMY, HE C painauMOHHO-XUMIYECKOl, 8 C TePMIYECKo! LecTpyKumel,
npoTeXablell npy HarpesaHuy ofpasua jo 150°(C npy onperejieHuM ero ‘
MOJI€KYNAPHOIO Beca. AHaJOTHUHNE De3yabTaTh OWJM NMOAYYEHN HAMM NpK
IPOTPeBE MOMIC THPoJa, 0CayvYenHoro npn ~ 20°C, xo 140-145°C yan
npu olnyvesnu momcrupona npy 1359C. Ipusemenune B rTach, 1 Launue
noxKa3WBapr,yTo B TO BDEeMA Kak mporpeB ofpasua npw 90-95°C ynenuuu-
Baer CreneHy clmsaumA, nporpes npu 140-145°C samerno ee cumxaer.
lonyyeHnie pe3yJ/pTaTh JalOT OCHOBAHNE CUMTATDH, YTO ONDELeA LM
AKTOM B Nponeccax TepMuyueCKol LecC TDPYKLUMM NOJMMEPOB ABJAAETCH aKT 3
BO3HMKHOBEHMA CBOOOLHOTO palukala BHYTDM LeIH,

Inrtepartypa

1. Kraus J., Calvert J., J.Amer.ChemSoc., 1957, 79, 5921.
2. Bluck R., Lyous B,, Nature,1957, 180, 1346,
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Puc. 1.BangHve TeMmnepaTypH Ha CKODOCThH CUMBaHMA NONM-
DTANeHA U MOJUBUHMIAXIODHZA MHPU  X=0CNydeHuH.
Yucno MonepeyHHX CBA3eH (B YCIOBKWX € IMHMLAX)
pacCuMTHBaN0Ch U3 JAHHHX O HalyXaHuM QCpasnoB
B ronyosne (moiuM@TMIER) ¥ AuXI0pdTaHe (TIONXBUHMI-
xnopm,n;g. u  V.4s2 CKODOCTU CUMBAHMA IID# TeMme-
parype Teu -I1920C cooTBeTCTBEHHO
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Puc. 2.BauaHue TewmIe a% H_ Ha CKODOCTH CUMBaEMUA NOJKUMEDa
crpoeruns (CqHg )y, (KpuBas a) u Ha CKOPOCTB,

r

0o(6pa30BaHAA TpaHC—EMHf{IeHOBHX cpgaelf (moraome-
e B o6naetu 964 cm—l) (xpusas B ). CropocTs

CUYBAHMA PACCUMTHBANACH U3 JaHHHX 0 HaGyXammu
B roayone.\ Va2 CKOPOCTM CHIMBAHMA IIpH TEMIE-
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